Methods of investigation
The advantages of water soluble over oily contrast media were established by use of a substance called Abrodil in Scandinavian countries. This provided superior images of the cauda equina and root sheaths. Other ionic water soluble media such as Conray and Dimer-X enjoyed limited use, but all were too toxic to use other than to show the lower lumbar thecal sac. They are, therefore, irrelevant to the present review. A revolution in myelography occurred when the new nonionic water soluble medium metrizamide (Amipaque) appeared. This was far less neurotoxic than previous ones. It could be used safely around the spinal cord. Inadvertent deposition in the head when running the contrast medium into the cervical region often caused generalised seizures, however; a risk minimised by introducing it by lateral C1-2 puncture. 5 By 1983, similar and even less toxic media had been developed and metrizamide was quickly withdrawn. These agents, such as iohexol, do not cause arachnoiditis in the concentrations used in clinical practice, and by 1989, Skalpe and Sortland were able to state that "epileptic seizures have not been reported following myelography with Omnipaque [iohexol], so it seems that fear of this complication can be virtually disregarded."6 These media are still not perfect: most patients experience postmyelography headache and about 5% become confused or develop symptoms such as radicular pain or meningism.7 Further agents have been developed, but clinical trials are now difficult to mount because myelography is so little used. Iohexol should be injected by lumbar puncture wherever possible to reduce the risk of injury to the spinal cord or vertebral artery in lateral cervical puncture.8 Myelography may cause neurological deterioration due to the spinal puncture, causing injury to the spinal cord or intraspinal bleeding; the disease, resulting in increased cord compression during Stevens the positioning required for radiography; the procedure, causing raised intraspinal pressure below a subarachnoid block.7 8 X RAY COMPUTED TOMOGRAPHY (CT) OF THE SPINE Soon after its introduction for cranial imaging CT was used in the spine. It provided the valuable cross sectional perspective of the spinal canal, formerly very difficult to achieve with conventional radiography. Artefacts caused by bone degrade intraspinal contrast in spinal CT. Intravenous contrast media increase contrast between extradural tissues and CSF, and intrathecal contrast media provide excellent visualisation of the spinal cord and other intradural structures. Patients requiring myelography usually are booked for CT as well, the findings on the myelogram or the clinical features serving to direct the CT examinations to specific levels. Computed tomography is almost exclusively a cross sectional technique; sagittal and coronal projections require reformatting from stacks of axial slices, and resolution in reformatted planes is not as good as in the plane of data acquisition. Radiation Fast spin echo (FSE) Several phase encoding steps are made at each excitation instead of just one, which greatly reduces acquisition times and permits the use of much larger matrices. This results in twice the resolution in even shorter data acquisition periods. The penalty is slight loss of contrast and increased sensitivity to physiological motion, for which it is more difficult to compensate than when single phase encoding steps are used.
Phased array coils Spinal imaging requires surface coils, and the phased array configuration enables data to be acquired simultaneously from two or even more surface coils. This permits imaging of the entire spinal cord over one acquisition period and greatly reduces imaging time. Vertebral level counting, sometimes difficult or impossible from single coils, especially in the thoracic region, also becomes easy.
A wide variety of postprocessing options are available on most imagers, or can be purchased separately. These permit multiplanar reformatting in real time, three dimensional surface rendering, colour coding, and many other modifications. The ability to reconstruct in a curved plane is potentially useful in scoliosis, but we have found this of only limited value because most major curvatures are in more than one plane.
Artefacts
Artefacts are important to consider because they can closely simulate intraspinal disease. Phase dispersion across the image, due to magnetic susceptibility variation and chemical shift effects, reduces sensitivity to biological signal differences and reduces boundary definition. The truncation artefact, generated at boundaries by image processing, is particularly relevant at the CSF-spinal cord interface, and is one possible cause of the band of high or low signal seen in the centre of the cord in midsagittal images. It also causes difficulty in defining the position of the cord-CSF boundary where the problem is compounded by susceptibility effects. Phantom studies have shown that both electronic and caliper measurements of the spinal cord, especially in the phase encoding direction, can be artificially reduced by over Two simple measurements of cord shape have been used: circularity (417 area/circumference2),35 and the compression ratio (ratio of the anteroposterior to transverse diameters).35 4041 Abnormal shapes have also been classified qualitatively in specific types of cord compression, especially cervical spondylosis and its variants, the most comprehensive being by Yu et al.39 INTERNAL STRUCTURE The internal structure of the spinal cord on MRI seems remarkably similar to an anatomical preparation stained for myelin. More myelinated regions generally yield a lower signal than less myelinated ones. Magnetic resonance imaging has consistently shown variations in texture in histologically uniform regions, such as the anterior horns in the sacral area, Clarke's column, and the dorsal horn complex; the gracile fascicles yield a slightly higher signal than the cuneate. 42 43 In some types of image, the subpial zone has yielded a high signal44 and it is uncertain if this represents an MR artefact, or the narrow band of subpial degeneration commonly seen in the cords of aging subjects. It is notable that some authors have forgotten the Ti shortening that occurs with formalin fixation, making it difficult to obtain images with Ti weighted contrast.
BIOMECHANICAL PROPERTIES
Deformation of the cord by transverse compression of up to about 20% requires minimal force, whereas deformation in excess of 50% requires forces exceeding capillary perfusion pressure and begins to disrupt both transverse and longitudinal axons.4546 Moreover, spinal cord substance has only a limited capacity for elastic recoil. It has been shown by measurements of cord deformation between flexion and extension on computed myelograms that only about 20% of a deformation recovers elastically.47 This has an important implication for interpreting CT and MRI images that are generally performed in positions where the available space for the spinal cord is maximised. Because of its lack of elasticity, it is safe to conclude that if the spinal cord is normal in cross sectional shape, it is not being appreciably compressed in any situation occurring in the patient during normal daily activities; and when deformity is present, it is safe to conclude that the deformity shown reasonably represents the magnitude of intermittent compression. We developed the simple concept of congruous cord deformity, to help distinguish deformation due to intermittent compression from that due to atrophy.
When the available subarachnoid space appears capacious on cross sectional images, compression is suggested, nevertheless, if the deformity of the spinal cord is reciprocally congruous with the visible (disc/osteophyte) or expected (reducible subluxation) deformity of the spinal canal; in cord atrophy the deformation is incongruous. 48 The compressed spinal cord usually increases in size after operative decompression. Fukushima et al34 measured a mean postoperative increase in size of the compressed spinal cord of 13%, varying between 5% and 20% in different subgroups of patients, which is of the order one would expect from cord elasticity studies. The cord also often changes shape after decompression, becoming less flattened or altered in some other way, because it is very easily deformed by varying conditions. CORD 
MOTION
The cord lies about 2 mm more posteriorly in the supine than in the prone position, and the cord and vertebral midlines differ by up to 2 mm in over 40% of non-scoliotic subjects. 49 On phase contrast MRI the range of normal cardiosynchronous oscillatory longitudinal movement of the upper cord has been measured to be only 0 4-05 mm.'2 Initial studies caused excitement because they suggested that assessment of tethering could be made without objective influence of morphological appearances. Reduced oscillatory motion has been seen in the presence of cord tethering, and increased oscillatory motion in Chiari associated syringomyelia. 21 The actual relevance of any of these findings, however, in the absence of morphological changes, such as a low lying conus medullaris, has, in my opinion, yet to be demonstrated.
Pathological states in cord substance

NECROSIS
Water soluble contrast medium in the subarachnoid space diffuses freely into neural tissue, and x ray attenuation of spinal cord substance measured on CT equilibrates dynamically at about 20% of that in the subarachnoid space, being removed by the capillary-venous system.50 When necrosis occurs, hydrophobic lipid is broken down and the capillary bed destroyed. Contrast medium continues to accumulate in the necrotic region until the CSF concentration falls, and passive diffusion out of the area takes several hours. Necrotic areas thus appear as circumscribed areas of contrast enhancement on computed myelograms, often most conspicuous after six to 12 hours.5' On MRI, colliquative necrosis appears as a circumscribed area of signal change. Necrosis, from whatever cause, most often involves mainly the central parts of the spinal cord, in particular the grey matter and ventral parts of the posterior columns. Involvement is usually bilateral, producing either a localised confluent lesion or, more often, bilateral lesions resulting in an appearance likened to snakes' eyes on cross sectional images.52 WALLERIAN DEGENERATION Antegrade degeneration in the long tracts of the spinal cord is seen with pathological states that cause axonal damage. Typically it appears as descending degeneration in the anterior part of the lateral column and ascending degeneration in the posterior columns, which, in diseases of the cervical spine, is often most severe in the fasciculus cuneatus."3 4144 53 Wallerian degeneration is shown only by MRI. Its appearances have been studied mostly in the brain stem, and only recently in the spinal cord. Four stages are distinguish- Chiari I associated syringomyelia In the currently most widely accepted hydromechanical theory of causation, this begins as a hydromyelia that subsequently loses communication with the fourth ventricle early in life, resulting in the condition often being referred to as syringohydromyelia. Obstruction of the foramen magnum or the outlets of the fourth ventricle by the descended cerebellar tonsils is central to most hydromechanical theories. In support, phase contrast cine MRI has demonstrated absence of CSF in the cisterna magna due to the abnormal cerebellar tonsils, and restoration of CSF flow after foramen magnum decompression, accompanied by collapse of the syrinx. Also, two groups have recently separately reported a new finding on dynamic MRI: accentuated caudal displacement of the cerebellar tonsils and spinal cord with cardiac systole, which was restored to the normal range, or obliterated altogether, by decompression of the foramen magnum.2' 58 Oldfield et al proposed intermittent piston like obstruction of the foramen magnum by the tonsils. 58 Although these mechanisms may operate in cases where the cerebellar tonsils do obstruct the foramen magnum, other workers have shown that the foramen magnum is not obstructed by the abnormal cerebellar tonsils in at least 20% of cases, and the cerebellum would need to move more than 10 times as far as has been recorded to cause intermittent obstruction.59 60 Furthermore, no association exists between the distension or cranial extent of the syrinx and the presence or absence of foramen magnum obstruction, or degree of tonsillar descent59; indeed syringomyelia occurs significantly more often with mild rather than with severe tonsillar descent.606' Additional complications have arisen with respect to the nature of the Chiari I malformation itself. Firstly, assessment of the level of the cerebellar tonsils on midline sagittal MR images has greatly overestimated the prevalence of tonsillar descent below the foramen magnum. Indeed, a prevalence of between 15% and 20%61 is still generally accepted despite the previous assessments on myelography and computed cisternography indicating a prevalence of less than 1%. The recent volumetric MRI study of Savy et al, however, has confirmed the second figure to be correct.62 Although the apparent prevalence of tonsillar ectopia on sagittal MRI in the study was 20%, it was explained by partial volume averaging and was therefore spurious. Secondly, in over 50% of cases with true cerebellar ectopia, the medulla oblongata is also elongated. Indeed, a linear relation has been shown between the presence of medullary elongation and severity of the descent of the cerebellar tonsils,63 which results in the obex often lying in the cervical canal, not the cranial cavity, and actually lying below the tonsils in about half of such cases.59 60 
with similar success70-72; the obvious advantage over syringoperitoneal shunting is that it does not interfere with the spinal cord, and it is much less painful and hazardous than foramen magnum decompression.
No correlation can be shown between the degree of distension, or indeed the extent, of a syrinx and severity of clinical features.51 73 
Spinal cord compression and injury In 25% of their control population Yu et al found the spinal cord to be at least moderately compressed by osteophytes at C5/6 or 6l7. 35 Some workers have found an apparently linear correlation between numerical evaluation of cord compression (cord cross sectional area or compression ratio) and clinical disability34404'53 whereas others have not.377677 All studies indicate, however, that when cord compression is sufficient to reduce cord cross sectional area by more than 60%, clinical dysfunction is usually present. Canine models have suggested that lower limb paralysis appears only when gradually applied cord compression exceeds 50%, and that the relation between compression and clinical dysfunction is non-linear, following a catastrophe model rather than a linear one.47 More is involved, however, than mere static compression.
In a canine model of chronic spinal cord compression at C5, Al-Sefty et al showed that progressive paraplegia developed in most animals at a mean of seven months after only 30% compression of the cord.78 In a series of patients with chronic malunited fracture of the dens, Crockard et al showed a log linear relation between reduction in cord cross sectional area, as measured on computed myelograms, and time in years since injury.79 In another canine model, Anderson showed that a rapidly applied deformation of the cord of only 20%-30% produced much greater damage than slow compression of up to 50%-60%, and that this consisted mainly of haemorrhagic damage to the grey matter in the first, and mainly white matter change in Imaging Only MRI consistently shows the changes in the spinal cord that result from compression. They are best shown on T2 weighted images. The distribution is usually characteristic, consisting of diffuse signal change at the site of maximal compression, with variable extension to the central part of the cord, often bilateral, and resulting in an appearance reminiscent of snakes' eyes.4452788' These changes are shown on Ti weighted images only when the damage is particularly severe, and consist of low signal; when present they are a sign of poor prognosis. This is not so for signal changes on T2 weighted images, which often disappear completely after operative decompression, but persist when operative outcome is poor.'282
The pathological substrate for reversible MRI changes is not known, but it is often assumed to be oedema. The size of the spinal cord at the site of compression is also of prognostic importance. Several studies have shown that when the cord is reduced in size by more than about 50%-60%, operative outcome is poor.'43776 This applies only to compression in cervical spondylosis and subluxation. The cord tolerates far greater compression from benign tumours such as meningiomas and schwannomas and functional recovery remains likely after decompression even when the cord is severely compressed.
In a recent computed myelographic study of 56 patients with spondylotic myelopathy who had a poor operative outcome,83 an alternative cause for the myelopathy (usually multiple sclerosis) was established in only 14-3%. The spinal cord was reduced in size by 60% or more at the site of previous compression in only 26-8%, and only 15-6% had evidence of cord necrosis. In 57-1%, operation failed to decompress the spinal canal. Another study by the same workers has put paid to the idea that osteophytes usually regress or disappear after interbody fusion: some osteophytes were as large as they had been up to eight years after the preoperative computed myelogram, and in no case did any measurable regression occur. 84 Clinicoradiological approach to cord compression in spondylosis and subluxations in the cervical spine In patients with suspected compressive myelopathy, osteophytes, disc protrusions, or subluxation are irrelevant when the spinal cord is normal or only mildly flattened. Cord deformation of up to about 40% is also most likely to be irrelevant, unless appropriate signal change is present in the cord on MRI at the site of compression. Usually, however, signal change is present only in severely compressed cords.
Cord deformation of over 50% is likely to be relevant, but this is also the point at which clinical recovery from decompression is becoming less likely. Therefore, it seems appropriate to consider surgery in asymptomatic or mildly affected children and young adults as a prophylactic measure when cord compression is approaching 50%. In most patients, however, with cervical spondylosis, such operations will be less appropriate because of age and low expectation of deterioration within the relevant time frame.47
Acute spinal cord injury It is now established in animal models that the extent of signal change shown in the spinal cord on MRI is related to the severity of injury,8586 and clinical studies have also shown a general association between the extent of signal change on MRI and functional outcome.8789 Mild or transient loss of function after spinal injury is not usually accompanied by signal change in the cord on MRI.8789 In more severe injury, evidence of haematomyelia is present on MRI in only about 50%. Cord swelling is mild and not always present even within seven days of injury, and ongoing cord compression is usually absent. 87 Progression from an acute injury to localised cystic myelopathy has been followed by serial imaging, most cysts being asymptomatic. 82 There is good evidence that cysts result from colliquative necrosis, and extension of spindle shaped cores of ectopic necrotic tissue along the bases of the dorsal horns into adjacent uninjured parts of the spinal cord is visible on MRI.84-86 89 These necrotic cores are likely to be the basis of the elongated cavities that may occur within a few weeks of injury,82 some of which distend and propagate and become associated with a progressive ascending myelopathy.5' 82 Progressive post-traumatic myelopathy can also occur in the absence of cavitation, 5' 90 and is associated with ascending central necrosis in the spinal cord, manifesting as signal changes on T2 and T1 weighted MR images" and abnormal accumulation of contrast medium on computed myelography.5' Other abnormalities such as adhesions, and occasionally cord compression, are found in some cases; some workers consider these to be the cause of progressive cord damage.
Spinal cord injuries in children differ in some ways from those in adults.9' Children may have extensive cord contusion or infarction with minor, remote, or no spinal fracture. Any signal change found on MRI is usually followed by considerable persistent functional loss.
Vertebral artery injury has recently been reported as occurring in nearly 46% of cases of midcervical fracture dislocation.92 It is notable, however, that spinal cord infarction due to vascular injury from subluxation, trauma, or cervical spondylosis and related conditions is exceptionally rare, and its documentation is confined to only two or three case reports over the past 30 years. Extensive and severe adhesive arachnoiditis and superficial siderosis are also described as rare, late complications.93
Vascular lesions of the spinal cord ANATOMY AND PHYSIOLOGY
The blood supply of the spinal cord has recently been reviewed in detail by Lasjaunias and Berenstein. 94 The anterior spinal artery supplies a centrifugal arterial system and radial arteries from the vascular network on the surface of the cord form a centripetal system. A watershed zone between these systems has been defined consisting of the inner 25% of the white matter and the outer edge of the grey matter, excluding the posterior 50% or more of the posterior horns. Regional blood flow in cord white matter of primates has been estimated to be as low as 10 ml/100 g/min and in grey matter as 58 ml/100 g/min, which is only about half cerebral blood flow measured by similar techniques. The MRI appearances have been described in many cases. 95 9 The commonest change has been diffuse signal increase on T2 weighted images, most often involving the lower thoracic region. Cord swelling has been mild or absent even in the acute phase. Central haemorrhage has been noted. 94 In some cases only the ventral part of the cord has been involved, either limited in extent, confined to grey matter, or more diffusely in both grey and white matter.95 Diffuse contrast enhancement may be seen after intravenous gadolinium in patients examined 10-21 days after onset, but not earlier or later. 96 An association with infarction in adjacent vertebral bodies has been noted. 96 Venous infarction of the cord has been reported less often, and in two recent cases the MRI abnormality consisted of unilateral signal change.4497 One was confirmed by necropsy to be thrombosis of the posterolateral pial vein complex,44 and the other was speculated to be due to thrombosis in these veins induced by a YAG laser during removal of an intradural neurinoma at C2. Serial MRI in the second case showed diffuse cord swelling and signal change from Cl to C3, which reduced within one month to a circumscribed area of signal change involving nearly all the lateral half of the spinal cord, confined to the site of surgery.
SPINAL VASCULAR MALFORMATIONS
Dural arteriovenous fistulae Spinal vascular malformations used to be classified according to the extent of the abnormal intradural vessels, which was a descriptive rather than a functional approach. In the early years of spinal angiography, surgeons believed that most of the vessels were arteries, as did many reputable neuropathologists until very recently. The careful observations of Kendall and Logue revolutionised thinking about these lesions, however, and now form the basis of the modern functional classification. Most spinal arteriovenous malformations are dural arteriovenous fistulae, the enlarged intradural vessels being veins not arteries. The fistula is located in the dura mater close to the nerve roots, usually in the thoracic region in older patients,98 99 The site of the fistula can be detected reliably by susceptibility contrast weighted dynamic MRI when the intradural veins are large enough to be shown easily. A series of heavily susceptibility weighted fast images is acquired in the midsagittal plane after an intravenous bolus of gadolinium, and the point at which signal nulling first appears in the intradural veins indicates the level of the fistula.23 Spinal angiography can then be directed at this level, greatly speeding up the diagnostic and therapeutic process.
Intramedullary arteriovenous malformations
Intramedullary arteriovenous malformations may be either a nidus, or a direct arteriovenous fistula, located within cord substance or on the pia mater. Fistulae are more common in children. The nidus is often visible on MRI as a focal expansion of the cord closely associated with serpiginous signal voids indicating the draining veins and sometimes enlarged arteries. Successful endovascular treatment may be feasible, even for intramedullary lesions, but multiple sessions may be required, obliteration is often incomplete, and the recurrence rate is high.'0' Cavernomas and capillary angiomas Cavernomas and capillary angiomas are less common in the cord than in the brain. On MRI, they appear usually as localised expansions of the spinal cord, with sharply circumscribed signal change98 102 that cannot be distinguished from small intramedullary haemorrhages.
Intravenous gadolinium enhancement may demonstrate otherwise invisible lesions in rare cases of multiple capillary haemangiomas.'0' Neoplastic and inflammatory intramedullary processes NEOPLASTIC PROCESSES Astrocytomas and ependymomas occur about equally in the spinal cord itself, but ependymomas are much more common in the filum terminale. Extramedullary ependymomas occur occasionally in the extradural part of the filum, involving the sacrum.50
Glioblastomas are rare in all ages, as are oligodendrogliomas. Isolated reports are to be found of subependymomas of the cervical cord and gangliogliomas of cervicothoracic cord and filum terminale. Metastases are not uncommon. Primary lymphoma affecting only the spinal cord has now been reported several times. Reports of exceptionally rare neoplasms arising within or directly involving the cord have included melanoma; intramedullary neurofibromas arising from Schwann cells in nerves encasing blood vessels of the cord; intramedullary teratoma, associated with precocious puberty; primitive neuroectodermal tumour; mesenchymal chondrosarcoma without dural attachment, and paraganglioma of the filum terminale.
Finally, there is the relatively common spinal capillary haemangioblastoma, and its well known association with Von HippelLindau disease. Screening of all family members with abdominal CT and spinal MRI with gadolinium enhancement has been recommended by several workers because 40% of affected patients may be asymptomatic at the time of screening.
On clinical imaging, the hallmark of intramedullary neoplasms is expansion of the spinal cord, usually greater than in inflammatory conditions. Lobulation, or eccentric enlargement is extremely suggestive. Both astrocytomas and especially ependymomas can appear as very well circumscribed signal change on MRI. Sometimes circumscribed lesions appear etched out by a salient low signal pseudocapsule, around the entire circumference or capping the cranial and caudal extremities, consisting of dense gliosis or haemosiderin staining; this is more frequent with ependymomas.50 Enhancement after intravenous gadolinium is usual, unlike benign intracranial gliomas, which usually do not enhance. Enhancement is patchy, and does not reliably indicate all neoplastic areas.
Haemangioblastomas and metastases usually have a different appearance. They are well defined, and enhance strongly after intravenous gadolinium. About 50% of haemangioblastomas are associated with enlarged intrathecal veins, visible on all types of imaging including MRI. Spinal cord oedema is common with metastases and shows up well in white matter with MRI44; it may be difficult to distinguish from cavitation.
Three types of cyst occur in association with intramedullary neoplasms, and about 70% will have at least one type: intratumoral cysts, the walls containing or consisting of neoplastic tissue; capping cysts, cone shaped cavities extending for one or two spinal segments into uninfiltrated cord cranial and caudal to the tumour; and syringomyelia, undistinguishable from other causes remote from the tumour.50 Even on MRI and intraoperative sonography, it can be difficult to distinguish some cystic from solid or necrotic tissue.
INFLAhMMTORY PROCESSES
Until the era of MRI, imaging was usually negative in these conditions, but virtually all inflammatory processes produce changes in cord substance detectable by MRI.
Unfortunately, they all look alike and most have been confused with neoplasia. Diagnosis usually depends on clinical evolution, laboratory tests, or even cord biopsy, and in many cases the diagnosis remains uncertain.
Multiple sclerosis
The primary demyelinations, which include acute disseminated encephalomyelitis, present a spectrum of stage dependent changes,50 and the stages follow a roughly predictable time course that can be helpful in establishing a diagnosis. Stage 1: perivenous inflammation and oedemaOn MRI the cord may show mild fusiform enlargement if the lesion is large enough, with poorly defined signal change throughout the involved area, either diffuse or sparing the cord periphery. Clinical dysfunction is at its peak during this phase. Patchy or diffuse enhancement occurs after intravenous gadolinium within the area of signal change, but not coextensive with it. Similarity with cord glioma is particularly close at this stage, which lasts two to eight weeks. Stage 2: demyelination and glial proliferation Once MRI cord swelling has subsided, a smaller, more circumscribed area of signal change is evident, and enhancement no longer occurs after intravenous gadolinium. This is how most multiple sclerosis usually presents on MR images. Visualisation is considerably improved by the heavy T2 weighting provided by spinal FLAIR MRI.'04 Lesions tend to involve sectors of the cord white matter extending to the periphery of the cord and are best shown on cross sectional T2 weighted images. The posterior columns and the posterior parts of the lateral columns are most commonly involved. The lesions are usually unilateral, or extend across the midline; they do not have the appearance of snakes' eyes. These features should distinguish plaques of demyelination arising in the cervical cord near sites of spondylotic compression, from cord damage due to the compression alone. Granulomatous angiitis of the spinal cord Granulomatous angiitis is a condition characterised by granulomata involving vascular walls, disseminated through the meninges and neural tissue, which only rarely involves the spinal cord. A case with extensive signal change throughout the spinal cord, showing no enhancement after intravenous gadolinium, has been reported, and another otherwise similar case, which showed extensive mainly superficial enhancement after gadolinium suggestive of metastatic disease ensheathing the cord.
Congenital abnormalities of the spinal cord Congenital abnormalities of the spinal cord have been extensively reviewed by Naidich et al, to whom the interested reader is referred for details."3"4 Some represent disorders of neurulation of the neural plate and disjunction of the neuroectoderm from the ectoderm; and these include meningomyelocele and lipomas of the spinal cord. In the first, the un-neurulated neural plate (placode) remains part of the integument. In the second, a localised region of the neural tube has failed to neurulate before disjunction occurred and mesenchyme contacting the exposed dorsal surface of the neural plate has differentiated into adipose tissue; disjunction usually was complete and the overlying dura mater is intact, to create an apparently intramedullary intradural lipoma. Spinal roots emerge from the ventral surface of the un-neurulated neural placode in both conditions.
The commonest malformations involve the more caudal part of the neural tube, most of which forms by canalisation of the caudal cell mass that develops in the tail fold of the embryo. When the tail fold disappears, this part of the cord normally undergoes retrogressive differentiation to form the filum terminale. A useful descriptive term for this group of conditions is lipomyelomeningodysplasia to emphasise the elements usually present to some degree in all. The spinal cord or thickened filum extends down, usually to the sacral segments, and blends with a lipoma that extends through a dural defect and neural arch defect of variable size and length to blend with subcutaneous fat. The site of blending with the dura mater and its extent, usually referred to as "tethering", is variable, as is the size and distribution of the lipoma and degree of meningeal ectasia. The spinal cord does not expand into a normal lumbar enlargement and the conus medullaris usually lies at or below L3, its position sometimes being difficult to define.
Another group of conditions seems to be due to much more focal, even punctate, failures of disjunction. A dorsal dermal sinus extends from skin dimple through or between neural arches to the dura, and very occasionally intradurally; about 20% of spinal dermoids and epidermoids are connected to a dorsal dermal sinus. The neuroectoderm, and ectoderm are normally briefly connected in embryonic life, via the neurenteric canal or adhesion. Persistence of the normal adhesion, or aberrant adhesions at other levels, can result in a connection from foregut to spinal canal, along which neurenteric cysts may form. Intradural spinal neurenteric cysts were well reviewed recently by Brooks et al,"' and present a reasonably characteristic appearance on MRI. Persistence of a communication with the skin of the back is a dorsal enteric fistula.
Diastematomyelia is a relatively common anomaly often also considered to be due to aberrant neuroentodermal adhesions. Over a variable number of segments the spinal cord develops as two, usually unequal hemicords, not duplications, although often there are two central canals, median sulci, and anterior spinal arteries. Sometimes this division takes the form only of a deep cleft, but usually the hemicords are entirely separate. In over 50% of cases, both are enclosed in a common dural tube; the rest are associated with splitting of the dura mater also, and a bony spur arising from malformed thickened laminae then often penetrates between the dural tubes. The spinal cord can be affected at any level, or rarely the filum terminale or medulla oblongata.
Finally, excessive retrogressive differentiation of the tail fold and caudal cell mass can lead to varying degrees of sacral and sacrolumbar agenesis, often referred to as the caudal regression syndromes. The spinal cord is abnormally short, the conus lying in the thoracic region at a variable level.
Many of these often dramatic anomalies are asymptomatic, and remain so throughout life. Much recent medical literature is still concerned with their diagnosis, which is now easy, and often seems to exaggerate the importance of timely surgical intervention. This is especially true in the concept of tethering. It has been documented recently that the filum terminale is thicker than 2 mm and filled with fat in 4% of normal patients, and that the conus medullaris lies at the level of the lower part of L2 in about 2% of the normal population. Some Jonathan Swift, 1726, Gulliver's travels At ninety they lose their teeth and hair; they have at that age no distinction of taste, but eat and drink whatever they can get, without relish or appetite. The diseases they were subject to, still continue without encreasing or diminishing. In talking, they forget the common appellation of things, and the names of persons, even of those who are their nearest friends and relations. For the same reason, they can never amuse themselves with reading, because their memory will not serve to carry them from the beginning of a sentence to the end; and by this defect, they are deprived of the only entertainment whereof they might otherwise be capable.
Charles Dickens, 1854, Hard times "I think there's a pain somewhere in the room," said Mrs Gradgrind, "but I couldn't positively say Wilkie Collins, 1868, The moonstone Here, he got on glibly enough. Trumpery little scandals and quarrels in the town, some of them as much as a month old, appeared to recur to his memory readily. He chattered on, with something of the smooth gossiping fluency of former times. But there were moments, even in the full flow of his talkativeness, when he suddenly hesitated-looked at me for a moment with the vacant inquiry once more in his eyes-controlled himself-and went on again.
Fyodor Dostoyevsky, 1869, The idiot The General talked for ten minutes, heatedly and rapidly, as though too engrossed for time to express the thoughts that crowded in his head; towards the end, tears glistened in his eyes. And yet it was only sentences without beginning or end, unexpected words and unexpected ideas, rapidly and unexpectedly bursting forth and stumbling over one another.
Arnold Bennett, 1910, Clayhanger For many months now he had helped Darius to dress, when he came up from the shop for breakfast, and to undress in the evening. It 
